The objective of the paper was to investigate the main factors determining the yield of fat in goat milk in the dairy goat population of Lithuania. The research was carried out on a total of 1,079 dairy goats (4 breeds: Czech White Shorthaired (n = 610), Saanen (n = 364), Lithuanian native (n = 94) and Anglo-Nubian (11)) in 7 dairy farms. The average milk yield during lactation was 797.42 (±53.3) kg. The average milk fat content was 4.14% (±0.4). The research of the goat milk fat content demonstrated that the indicators investigated in different herds varied. The highest milk fat content in percent was determined among AngloNubian -5.2%. The milk fat content of all breeds of goats increased with increasing the parity up to the 4-6th parity, respectively, and started decreasing then, after reaching the peak. While assessing the quantity of milk fat during the stage of lactation, the highest milk fat content was determined during the first months (4.5-4.7%) and at the end of lactation (4.5%). The research performed by us showed that such factors as breed, parity, stage of lactation and herd had an impact on the quantity of goat milk fat.
INTRODUCTION
At the moment, there are over 300 goat breeds on the Earth; they live in all continents excluding Antarctica and are able to adapt to highly varying climatic conditions: from rainforests to parched hot deserts to cold high mountainous regions. More than 80% of the goats of the world live in Asia and Africa (Hirst, 2017) . Goats are raised in order to obtain as much high quality milk, meat and wool produce as possible. Goat milk and meat remain essential products in the continents of Asia and Africa where these animals still are the main source of livelihood for disadvantaged people. Taking into account the fact that over three quarters of the inhabitants of the world live in these continents, goat products are among the most widely used products (Huitema, 2012) .
Goat milk and its products are important in everyday nutrition. Goat milk is used to produce butter, kefir, curd, yoghurt, cheese and other products the most popular of which are cheeses of various types. Goat milk is also effective in treating eczemas, migraine, hay fever and constipation. It contains vitamin A, potassium, calcium and phosphorus therefore it is suitable for persons suffering from cardiovascular diseases; as well as vitamins B1, B2 and C which increase resistance to various diseases. Goat milk can be consumed by people allergic to cow milk. Proteins contained in milk protect children from diarrhea and take part in all vital processes (Zapasnikienė, 2015) .
Lately, a lot of attention has been paid to the composition of goat milk, which is responsible for nutritional and technical characteristics of dairy products. Goat milk mainly consists of water (87.8%), while the remaining part comprises dry substances (12.2%). There are plenty of useful mineral substances (sodium, potassium, phosphorus, chlorine, magnesium, iron, zinc, calcium) and vitamins (A, D, E, B1, B2, C, niacin, folic acid, thiamin) in milk. Goat milk contains significantly more K, Mg and P minerals as well as vitamin A as compared to cow milk (Kumar, 2016; Urbienė, 2015) .
Cheese is usually made of milk of small ruminants. The quality of cheese depends on the quantity of fat and proteins. The following proteins can be found in milk: casein, whey proteins, albumin, immunoglobulins, β-lactoglobulins and α-lactoglobulins. Proteins form a colloidal solution in milk. The quantity of proteins in goat milk resembles that in cow milk; however, casein proteins of goat milk are smaller and easier to digest than those of cow milk. Cheese yield depends on the quantity of milk proteins, whereas milk fat affects the stability and texture of dairy products, while the quantity of different fatty acids in cheese determines its taste characteristics. In order to ensure a sufficient amount of fat in milk, the total quantity of dry substances must be increased, the composition of milk must be stabilized and a high fat-protein ratio must be maintained (Kumar et al., 2016).
Milk fat is important for human nutrition; it is contained inside the cells of the human body, it helps strengthening the immune system and participates in metabolic pathways. Fat is also needed in order to meet the energy requirements of the human organism (Urbienė, 2015) .
Milk fat is distinguished by a unique structure which is comprised of milk fat globules consisting of a nucleus of triglycerides covered with three layers of phospholipids called the milk fat globule membrane. The milk fat globule membrane consists of phospholipids, sphingolipids, glycolipids, cholesterol and proteins obtained from the endoplasmic reticulum and the epithelial apical membrane of the mammary gland. Milk fat globules are distinguished by size: from a nanometer scale to globules over 15 mm present in human and cattle milk. However, smaller milk fat globules are found in goat milk: their size varies from 0.53 to 8.58 mm (Argaman et al., 2016). Omega 3, omega 6 and conjugated linoleic acid present in milk fat are characterized by high nutritional value, whereas short-chain fatty acids and unsaturated fatty acids have a positive impact on the human organism. Taste characteristics of the products also depend on the composition of fatty acids (Huitema, 2012) .
The results of previous studies have shown that the composition of goat milk depends on the breed (Sung et determined that the milk fat content decreased during each parity. In order to meet the demand, identification of goat breeds with high quality milk components is of great importance because it provides a valuable information for producers and breeders.
The objective of the paper was to investigate the main factors determining the yield of fat in goat milk in the dairy goat population of Lithua nia.
METHODS AND CONDITIONS
The research was carried out on a total of 1,079 dairy goats in 7 dairy farms where only one breed of goats was kept (Lithuanian native -2 farms, Anglo-Nubian -2 farms, Czech White Shorthaired -1 farm, Saanen -2 farms).
Goats were kept under similar conditions and were fed the same nutritionally balanced diets in all farms. During the investigation period, goats received feed produced in the farm: pasture grass, hay and oat meal.
The main sources for the analysis were the livestock productivity control data for 2011-2016, as well as the findings of the composition in milk specimen taken from goat holdings. The data of 1,079 goats of 4 breeds ( Fig. 1) was analysed: Czech White Shorthaired (n = 610), Saanen (n = 364), Lithuanian native (n = 94), and AngloNubian (11) .
The yield of milk was displayed during milking using the Lactocorder® device (Lactocorder® WMB AG, Switzerland). The individual milk yield per lactation was calculated by summing monthly milk yields which were obtained by multiplying daily milk records by the number of days since kidding, for the first period, or by the number of days since the preceding milk recording day for subsequent recording days (Thomas et al., 1999) .
Milk samples of 40 ml were individually collected during the morning milking, a preservative sedupol was added, the samples were stored at 4°C and transported to the laboratory. In the laboratory fat concentrations were analysed by an infrared spectroscopy Lactoscope FTIR (FT 1.0. 2001; Delta Instruments, Holland) based on the method of absorption of infrared radiation medial region rays; milk testing was performed at the State Enterprise "Pieno Tyrimai".
The State Enterprise "Pieno Tyrimai" operates under the quality management system conforming to the requirements of the International Standard ISO/IEC 17025:2005 to ensure the accuracy of milk composition and quality tests.
The Lactoscope FTIR is used to measure a specific wavelength absorption of medium infrared rays of fat, proteins and lactose of each component (LST ISO 9622:2000) . The principle of the method is the following: after a milk sample is homogenised by an infrared spectrometer, the quantity of absorbed rays is measured: carbonyl groups of ester links of glyceride at an approximate wavelength of 5.7 µm (usually marked as filter A), and/or CH groups at an approximate wavelength of 3.5 µm (usually marked as filter B) for the determination of the fat quantity; secondary amide groups of peptide links at an approximate wavelength of 6.5 µm. The concentration of each component is determined by the amount of absorbed infrared rays or water when the wavelength is the same, or milk when the wavelength causes a weak absorption of the component measured. The quantity of these constituents of milk is calculated taking into account the amount of energy absorbed. The quantity of fat in milk is expressed by g/100 g milk.
Statistical data analysis. When analysing the yield of milk fat (% and kg) in the Lithuanian population of dairy goats, the data of goats was divided by the farm (7 farms), parity (Anglo-Nubian -4 parities, other goat breeds -7 parities) and the lactation stage (from 1 to 8 months). Different goat's milk fat in kilograms was calculated according to the formula:
Milk Fat kg = Milk kg × Fat % / 100.
The one-way analysis of the variance (ANOVA) was conducted to assess the influence of various factors on milk fat (% and kg) in the Lithuanian population of dairy goats. Average indications (-X), the standard error of means (Se), the coefficient of variation (Cv), and the coefficient of phenotypical correlation (r) between the indications were calculated using the SPSS (Licence No. 9900457; Version 15, SPSS Inc., Chicago, IL) and "R" (The R Project for Statistical Computing, 2012) statistical packages. The one-way analysis of the variance (ANOVA) was conducted to assess the influence of various factors on the quantity of milk fat (% and kg). The model, which was used for evaluation, includes the following fixed factors:
Y ijkl is investigated characteristics; µ is the overall mean; B i is the fixed factor 'breed' (i = 1-4); H j is the fixed factor 'herd' (j = 1-7); LS k is the fixed factor 'lactation stage' (k = 1-8); P l is the fixed factor 'parity' (l = 1-70); E ijkl is the random error.
The results are to be considered reliable when p ≤ 0.05.
RESULTS AND DISCUSSION
The average milk yield during lactation was 797.42 (±53.3) kg. The milk fat content in percentage and kilograms was 4.14 (±0.4)% and 33.77 (±1.9) kg, respectively.
The distribution of milk fat (% and kg) between dairy goats is presented in Figs. 2 and 3 . We can see from the data presented (Fig. 2 ) that milk fat (%) is equally distributed from the lowest to the highest value and the peak is achieved around the average (4.14%). The highest number of dairy goats was determined in those classes which are closer to the average (3.5-4.5%). What concerns the histogram of the fat quantity (kg) (Fig. 3) , the highest rates were also determined around the average (33.77 kg); however, the numbers of goats were not distributed so evenly. This is proved by the 4.73% higher milk fat (kg) variation coefficient determined.
The conducted analysis of the milk fat content of goats of different breeds in Lithuania (Table 1) shows that the milk fat content is the highest among Anglo-Nubian goats (%) and Czech White The analysis of the milk fat content (% and kg) in goats at different parities conducted by breeds showed that, having compared the goat milk fat content in percent (Fig. 4) , it was higher 34.99 ± 0.99 * p < 0.05; ** p < 0.01; *** p < 0.001.
Fig. 4. Different parity goat milk fat content in percent
in the case of Anglo-Nubian goats than that of all other breeds during all parities. The milk fat content of Anglo-Nubian goats increased with the increase in the parity. This parameter of Czech White Shorthaired goats increased until the 4th parity and decreased during the following parities after it reached the peak (5.07%). However, it was observed that even the lowest indicator (2nd parity, 4.2%) was not poor. The milk fat content of Saanen goats varied less and reached the peak during the 6th parity (4.1%). Analogous trends were determined after the comparison of the milk fat quantity (kg) (Fig. 5 ) of different breeds during parities. Similar results were also obtained by Croatian scientists B. Mioč et al. (2008) who determined that the highest milk fat content was that of goats of the 5th and higher parities (3.47 ± 0.02%), though significant differences were not observed among goats of all parities: it fluctuated from 3.42 ± 0.02% (the third parity) to 3.47 ± 0.02% (the fifth and higher parities), respectively. During the research conducted by G. Ciappesoni et al. (2004) , a slight increase of the milk fat content was established depending on lactation (from 3.52% during the first parity to 3.55% during the fourth and further parities, p < 0.05). Nigerian scientists D. Zahraddeen et al. (2007) determined that the fat content was highest in the third parity (5.54 ± 0.03%) followed by the second parity (4.73 ± 0.03%) and least in the first parity (4.39 ± 0.02%), whereas D. Carnicella et al. (2008) determined that an insignificant but statistically higher (0.1% (p < 0.001)) milk fat content was in the case of goats of the first parity as compared to that of goats of the second, third and further parities. Serbian scientists N. Memiši et al. (2011) also determined that the milk fat content decreased during each parity from 3.40 ± 0.12% in the first to 3.24 ± 0.22% in the fourth parity.
Having conducted the analysis of the goat milk fat content during the stage of lactation (Fig. 6) , a significant change in the milk fat content depending on the month of lactation was determined. The highest milk fat content was determined during the first months of lactation (average: from 4.5 to 4.7%), it decreased to 3.7% (average) in the middle of lactation and then started increasing again during the last months of lactation in all goat breeds. Such results can be explained by the fact that the goat milk yield at the beginning and end of lactation is lower than in the middle of lactation and this indicator correlates negatively with the milk fat content for most breeds. Analogous results were obtained by Croatian scientists B. Mioč et al. (2008) who investigated the milk fat content during the course of lactation and determined that the milk fat content at the beginning (3.48 ± 0.008%, p < 0.05) and the end (3.71 ± 0.01%, p < 0.05) of lactation was higher than in the middle of lactation (3.36 ± 0.009%, p < 0.05). Having examined the milk fat content of Damascus goats during the stage of lactation, Guler et al. (2007) determined that the milk fat content at the beginning (4.85 ± 0.25%, p < 0.05) and end (4.40 ± 0.1%, p < 0.05) was higher than in the middle of lactation The indicators of the milk fat content (% and kg) of different herds are presented in Table 2 . The data analysis conducted showed that the indicators investigated in different herds varied considerably. The milk fat content in the herds ranged from 3.41 ± 0.13 to 4.54 ± 0.03% and from 20.27 ± 1.65 to 46.86 ± 0.66 kg. It is known that usually one breed of goats is kept in different herds; therefore, the fact that the influence of the breed of goats on the quantity of milk fat is significant can be confirmed. The results of the research conducted by us were also supported by Italian scientists M. The correlation analysis of milk yield and the indicators of parity and milk fat (Table 3) demonstrated that a positive correlation of the parity and milk fat quantity (kg) was determined in the case of Czech White Shorthaired goats (r = 0.386, p < 0.01); however, this correlation was negative in the case of Lithuanian native goats (r = -0.414, p < 0.01). Nigerians scientists D. Zahraddeen et al. (2007) determined that the percentage of fat content in the present study decreased significantly with advances in the parity. This contrasts with an earlier report by F. Beyene and E. Seifu (2005) who observed a significant increase in the fat content of Borana goat with parity.
A statistically reliable negative correlation of the milk quantity and milk fat percentage (r = -0.237, p < 0.05) of Saanen goats confirms the results of the researches conducted by foreign scientists (Zahraddeen et al. (2007) and Mioč et al. (2008) ) showing that the correlation of the milk quantity and milk fat is negative for most breeds. (Table 4) . It was determined that the breed influenced the variation of percentage and kg of the milk fat content statistically reliably (from 8.68 to 9.8%, p < 0.0001). T. A. Mestawet with a group of scientists (2012) conducted a research involving four breeds of goats (Arsi-Bale, Somali, ToggenburgArsi-Bale cross and Boer) in Ethiopia and determined a significant difference of the milk fat content among the breeds (from 3.65% in the case of 
CONCLUSIONS
The research of the goat milk fat content demonstrated that the indicators investigated in different herds varied. The highest milk fat content in percent was determined among Anglo-Nubian (5.2%) and in kilograms among Czech White Shorthaired (36.34 kg) goats. The milk fat content of all breeds of goats increases with increasing the parity up to the 4-6th parity, respectively, and starts decreasing then, after reaching the peak. While assessing the quantity of milk fat during the stage of lactation, the highest milk fat content was determined during the first months (4.5-4.7%) and at the end of lactation (4.5%). The correlation analysis of the milk quantity of different breeds and the indicators of parity and milk fat demonstrated a positive correlation of the parity and the quantity of milk fat kg among Czech White Shorthaired (r = 0.386, p < 0.01) and a negative correlation of the milk yield and the fat content in percent among Saanen (r = -0.237, p < 0.01) and Lithuanian local goats (r = -0.205, p < 0.05), whereas this correlation was positive among Czech White Shorthaired goats (r = 0.242, p < 0.01). The research performed by us showed that such factors as breed, parity, stage of lactation and herd had an impact on the quantity of goat milk fat.
